ABSTRACT: Sanders (1968; Am. showed that, contrary to general opinion at the time, the deep-sea had high species diversity when compared with estuarine and coastal areas. This paper stimulated a series of studies and theoretical arguments aimed at explaining why the deep-sea had such high diversity. It is now accepted that the deep-sea has high diversity and it has been suggested that in the deepsea there may be up to 10 million new species yet to be described (Grassle & Maciolek 1992; Am. . Surprisingly, however, there have not been any recent comparisons between the fauna of the deep-sea and shallower areas. Here I present data from a survey taken from the continental shelf of Norway which allows a quantitative comparison to be made with recent data from the deep-sea. Species diversity is very similar to that of the deep-sea and speciesarea curves have almost identical slopes. These data suggest that the Norwegian continental shelf has species diversity equal to that of the deep-sea and thus leads one to question the paradigm that the deep-sea has exceptionally high diversity.
cies representing 171 families and 14 phyla was found from a total area sampled of 21 m' . Grassle & Maciolek suggested that this number of species was especially high in the deep-sea in that their (unpublished) studies on George's Bank at 80 m depth had only 200 species. Poore & Wilson (1993) , however, reported that more than 700 infaunal species occur in Port Phillip Bay, Australia and that more than 800 species have been found from 10 m2 in Bass Strait, Australia, suggesting high diversity in shallow areas. They did not, however, give quantitative comparisons which could be used to relate to the deep-sea data of Grassle & Maciolek.
Etter found, for the fauna of the deep-sea slope off the eastern United States, relationships between species diversity and depth and species diversity and sediment heterogeneity. They suggested that sediment particle size diversity has an important role in determining the number of species within a community and that bathymetric patterns are largely attributable to changes in sediment characteristics with depth. Thus if comparative studies are to be made, influences of depth and habitat heterogeneity on species diversity must be determined.
Here I present data from the Norwegian continental shelf which are analysed with methods as similar as possible to those used by Grassle & Maciolek in order to compare, in a quantitative way, species diversity on the continental shelf with that of the deep-sea.
Methods. As part of the requirements for permission to explore for and exploit oil and gas reserves of the continental shelf of Norway, companies are required to do biological surveys of the sea-bed benthos every 3 yr and to report this data to the Norwegian State Pollution Board (SFT). Some fields, such as Ekofisk, have been monitored since the 1970s. Within the last 5 yr the collection, sorting and identification of samples has been subjected to careful quality control by an expert group (of which I am a member). Using the data from these surveys I have built up a reliable data base. The primary purpose of the data base is to give the State Pollution Board an objective overview of any negative effects on the coastal environment.
Samples were taken with a 0.1 m2 Van Veen grab with 5 replicates at each station (here pooled data for each station are used). Samples were washed through a 1 mm pore diameter sieve and the retained fauna preserved for later identification. Species identification was undertaken by a series of consultants using only an approved list of identification material. Only species that have been approved by the Riksmuseum Stockholm can be added to the list, thus synonyms and obvious misidentifications are weeded out (see Stmring 1994 for a complete list of the species found). Minor taxonomic groups, however, receive variable attention. In order to make this data as comparable as possible to that of Grassle & Maciolek, fauna1 groups not properly sampled by the methods used, such as meiofaunal nematodes, Foraminifera, or inhabitants of hard substrata such as Porifera, Bryozoa and Cirrepedia, were not included. Likewise juveniles were excluded and unidentified species were only included if another species had been identified within the same genus. This rigorous treatment of the data reduced the total number of putative species by around 100. For each field the quality-controlled species list was subjected to multivariate analysis using standardised methods as in Gray et al. (1991) . Uncontaminated stations were identified from such analyses and only data from these stations were used in this paper.
Following Sanders' pioneering study, diversity in the marine environment is usually expressed as a cumulative curve of species number plotted against the cumulative number of individuals. In order to present data directly comparable to that for the deep-sea, the number of species pooled over the 5 grab samples from an individual station was summed cumulatively over all stations from a given field, starting with the lowest station number. The cumulative number of species from the northernmost field was then used as the starting point for the first station of the next field moving south- Table 1 . Location of oil fields on the Nor wards. It was thus possible to obtain a north-to-south transect from the Heidrun field to the Tommeliten field in the North Sea, a distance of 1200 km. Here, therefore, regional scales of diversity patterns are considered.
Sediment properties were measured on sub-samples taken from separate grabs and containing the surface 2 cm. Median diameter (phi units) and sorting (as standard deviation in phi units) were calculated.
Results and discussion. The edge of the continental shelf is defined by Weyl (1970) as a region of rapid increase in depth over a short distance. Whilst most continental shelves have a depth limit of 200 m this is not so for Norway where the continental shelf edge occurs at 500 m. Near the coast there are deep areas in the Skagerrak and Norwegian trench of over 600 m. Thus the data here from 70 to 300 m are well within the limits of the Norwegian continental shelf. All the oil exploration in Norway, from where these data arises, is described as occurring on the Norwegian continental shelf. Table 1 shows a summary of the data for a north-tosouth transect across the Norwegian continental shelf.
Cumulative species number was plotted against cumulative number of individuals and cumulative area (Fig. 1) . For the Norwegian transect a total of 39582 individuals and 620 species were found. Grassle & Maciolek's data for a similar plot (their Fig. 11 that the number of individuals in the Norwegian data is lower than that in the deep-sea. The comparison used here is not based on cumulative number of species per area but the traditional method used in marine biology, that of cumulative number of species against cumulative number of individuals. The Norwegian data has over 70 more species for comparable numbers of individuals than the deep-sea off the east coast of the USA. However, the greatest problem in making this comparison is whether it is admissible to compare deep-sea samples obtained on a 0.3 mm sieve with the shelf samples obtained on a 1 mm sieve. Use of any fixed sieve size will lead to selection of a certain proportion of the species and individuals present. The exact sieve size used is usually a compromise between the practical difficulties of sorting fauna from sediments and yet retaining a representative number of species and individuals. The assumption made here is that the 2 different sieve sizes are sampling representative proportions of the species represented within the deep-sea and continental shelf areas studied.
The deep-sea fauna is on average smaller than the shelf fauna (see discussion in Gage & Tyler 1991), hence a finer mesh sieve (0.25 or 0.3 mm) is used as a 'standard' size for obtaining representative samples of the deep-sea fauna. For example, for the deep-sea Dinet et al. (1985) defined the deep-sea macrofauna sensuo strict0 as excluding nematodes, copepods, ostracods etc. but sensuo lato as including everything retained on a 0.25 mm sieve. Trials on the Norwegian continental shelf showed that use of a 0.5 mm sieve size was unworkable as much sediment was retained which led to sorting difficulties. Thus a 1 mm sieve size was standardised in a set of guidelines (SFT 1990) since it was agreed by the expert panel setting the guidelines that this size gave a representative proportion of both species and individuals.
I believe, therefore, that the fauna retained on the 2 sieve sizes give approximately comparable proportions of species and individuals for their respective areas and that it is valid to make general comparisons of cumulative number of species against cumulative number of individuals at 2 regional scales (176 km in the deep-sea off the U.S. east coast with 1200 km along the Norwegian continental shelf). The data show that diversity values are of comparable magnitude and not 2 to 3 times higher in the deep-sea as Sanders' data showed and on which the paradigm of high deep-sea diversity was built.
It might be argued that along a transect of 1200 km one is sampling a variety of different habitats whereas the deep-sea slope sediment was relatively uniform (not given in Grassle & Makiolek, but described as sandy mud to clayey muds in an unpublished report on the same data). Although Table 1 shows that both depth and type of sediment varied across the Norwegian shelf, no relationship was found between either number of species and depth or number of species and sediment properties (Fig. 2) . Furthermore, since the diversity of deep-sea fauna is known to vary with sediment properties (Etter & Grassle 1992 ) it may be argued that a difference between sandy mud and clayey mud is as significant for deep-sea fauna as the variations in sediment properties measured on the Norwegian shelf. Thus the comparison made above between number of species per 40000 individuals seems valid and the shelf has a higher diversity than the deep-sea, as was postulated by Osman & Whitlach (1978) . Poore & Wilson's (1993) data showing that in Australia 800 species have been recorded from just 10 m2 of sediment in Bass Strait and that 700 species occur in Port Phillip Bay sediments support the contention that the shelf has equal, if not higher, diversity than the deep-sea.
The finding that species number does not vary with either depth or sediment properties on the Norwegian shelf is in marked contrast to that of the deep-sea (Etter & Grassle 1992) , where there was a maximum Smith et al. 1986 ) and other factors such as sedimenting phytoplankton (Billett et al. 1983 ) and its effect on colonisation processes (Snelgrove et al. 1992) , seaweed and salp blooms (Grassle & Morse-Porteus 1987) and wood (Turner 1973 (Turner , 1977 . These structures persist for long periods in the deep-sea and thus organisms have become adapted to the fine-scale heterogeneity. On the continental shelf, physical disturbance is frequent and organisms are likely to show broader-scale relationships to environmental factors than the deepsea.
In an intertidal area, relationships also have been found between species number and sediment properties, (Whitlach 1977 (Whitlach , 1981 . However, only a maximum of 18 species were found which is not comparable to the hundreds of species analysed in this study.
Grassle & Maciolek showed that dominance along the deep-sea transect was extremely low, with a maximum of 7.1 %. Dominance patterns were calculated for the cumulative data for the Norwegian transect ( Table 2) . Table 2 shows that dominance on the Norwegian shelf, pooled across samples, has a maximum of only 7.06 % and the tenth most dominant species comprised only 1.65%. The species of Aetea, Aricidea and Thyasira were not determined and thus dominance may be even lower. These data are entirely consistent with that for the deep-sea slope where the most dominant species comprised 7.1 % and the tenth dominant 2.1 %. Thus there is no difference between pooled dominance in the deep-sea and shelf.
This result may simply reflect that fact that one is pooling over many samples. Dominance within 1 site was much higher (occasionally up to 30%), within fields it was up to 23.5 % at Gullfaks, and it was only over the pooled data over all fields that it dropped to 7 %, reflecting the fact that different species dominate in different areas.
Finally, the high diversity shown on the Norwegian continental shelf is in marked contrast to the extremely low diversity shown in the deep-sea area of the Norwegian Sea (Rex et al. 1993) . In this latter study the latitudinal gradient in the deep-sea fauna, showing an increase from the Arctic to the tropics, was largely determined by the low diversity found in the Norwegian Sea as the other data had high variance and showed no distinct pattern.
The data presented here, showing high diversity on the Norwegian continental shelf, suggest that for continental shelf fauna the pole-to-tropic gradient is likely to be at best weak if detectable at all. However, more data are urgently needed to test this hypothesis and to test the postulate here that continental shelf diversity can be as high as that of the deep-sea.
Perhaps more importantly, if the Norwegian shelf data are representative for many continental shelf areas, 
